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Abstract 
Multi-enzymes (alpha-amylase, glucoamylase and cellulase) were successfully encapsulated in calcium alginate-clay beads to 
hydrolyze cassava roots for glucose production. Under the optimal conditions (2% clay solution and 0.2 M CaCl2), the loading 
efficiency and the immobilization yield of enzymes were calculated to be 97.07% and 52.14%, respectively. The calcium-
alginate-clay beads have been analyzed using Fourier Transform Infrared Spectroscopy (FTIR), Field Emission Scanning 
Electron Microscopy (FESEM) and Energy Dispersive X-Ray (EDX). FTIR results showed that asymmetric and symmetric 
COO- and OH- group shifted to 1621, 1419 and 3324 cm-1 and proved strong interaction between alginate and clay of the beads. 
Observation under FESEM showed that the beads have a rough surface and the enzymes were successfully encapsulated in the 
beads. The presence of the clay elements in the beads was confirmed by EDX analysis where the beads consist of 13.97% C, 
43.69% O, 28.96% Ca, 6.46% Al and 6.91% Si. The beads were later used for the saccharification of cassava slurry into glucose. 
Results showed that the process was successful and the encapsulated enzymes in calcium alginate-clay beads have enhanced the 
enzymes reusability in the process compared to pure alginate beads where it retained 51.77% of its activity after seven hydrolysis 
cycles. 
© 2013 The Authors. Published by Elsevier Ltd.  
Selection and peer-review under responsibility of The Malaysian Tribology Society (MYTRIBOS), Department 
of Mechanical Engineering, Universiti Malaya, 50603 Kuala Lumpur, Malaysia. 
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1. Introduction 
Cassava root is a very popular in the tropical countries such as Brazil, Thailand, Malaysia, Indonesia and some 
parts of Africa [1]. It is an inexpensive material that often used as a feedstock for the production of syrups 
containing maltose, glucose or fructose. For the glucose syrup, it can be further fermented to produce bioethanol 
which is widely used in food and pharmaceutical industries [2]. There are a number of enzymes that are commonly 
used in the production of glucose.  
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Alpha-amylase is usually used to hydrolyze starch by cleaving Į-(1ĺ4) glycosidic bonds to produce 
maltodextrin while glucoamylase is able to hydrolyze Į-(1ĺ4) and Į-(1ĺ6) glycosidic bonds in starch to produce 
glucose [3]. Besides that, cellulase can be used to promote the hydrolysis of cassava roots due to it has ability to 
attack ȕ-(1ĺ4) linkages in fibre to produce glucose [4]. Due to these features, these three enzymes are normally 
used to produce glucose from materials that contain both starch and fibre such as cassava root as reported in the 
literature [5]. 
Nowadays, the immobilization of enzymes is widely studied to replace the free system that often hampered by 
a lack of availability, high price and limited stability under operational conditions. The immobilization makes 
possible for easier separation between the enzyme and product and therefore the enzymes can be reused [6, 7]. 
Though enzyme immobilization has several advantages, the selection of support material and method of 
immobilization are important in order to obtain higher performance of enzymatic reaction. Encapsulation is one of 
the immobilization techniques which can be defined as the  process by which the enzyme is enclosed physically or 
chemically within semi-permeable membrane [8]. The alginate bead is commonly used in the encapsulation process 
because it is easy for formulation, mild gelation conditions, non-toxic, biocompatibility, low cost and resistance to 
microbial attack. However, alginate beads have also several disadvantages such as low mechanical strength, large 
pore size and high leakage of enzyme from beads [9, 10]. To reduce this problem, alginate can be blended with clay 
to improve stability of the beads [11].  
Kaolinite clay is negatively charged aluminosilicate crystalline structure consisting of a three-dimensional 
arrangement of SiO2 and AlO4- tetrahedrally linked to each other by a shared oxygen atom. This clay has a good 
potential as supporting material for encapsulation purposes because it is stable, relatively good pore aperture and 
posses good mechanical strength and thermostability as reported in the previous studies [12, 13]. Besides that, 
kaolinite clay has a strong interest in many modern industrial applications due to it is natural source, low cost and 
also readily available [14]. Therefore, in this study, the kaolinite clay material obtained from Sg. Sayong, Perak, 
Malaysia is used and blended together with sodium alginate to prepare calcium aginate-clay beads. 
In the study, the enzymes (alpha-amylase, glucoamylase and cellulase) were encapsulated in calcium alginate-
clay beads. The effects of immobilization conditions such as concentration of clay and calcium chloride were 
evaluated. The characterizations of the beads were performed using Fourier transform infrared spectroscopy (FTIR), 
Field Emission Scanning Electron Microscopy (FESEM) and Energy Dispersive X-Ray (EDX). The reusability of 
the immobilized enzymes was also studied. 
2. Materials and methods 
2.1. Materials 
Alpha-amylase from Bacillus subtilis, glucoamylase from Rhizopus niveus Lyophilized and cellulase from 
Aspergillus niger were purchased from MP Biomedicals, United States. All other chemicals reagent used were 
analytical grade.  
2.2. Preparation of tapioca slurry 
Cassava root was purchased from local market as a substrate. It was cleaned, hand peeled and sliced to small 
pieces. The chips were dried in oven at 65 oC for 24 hr to remove moisture and then ground into powder. 1 % (w/v) 
of tapioca slurry was prepared using 0.1 M citrate phosphate buffer (pH 5) solution and then boiled in the water bath 
with continuously agitated for 1 hr to gelatinize the starch before further use.   
2.3. Preparation of clay powder 
The local kaolinite clay was obtained from Sg. Sayong, Perak, Malaysia. Before use, it was dried at 90ÛC for 24 
hr, ground into fine powder and sieved through 150 ȝm mesh. 
413 Siti Noraida Abd Rahim et al. /  Procedia Engineering  68 ( 2013 )  411 – 417 
2.4. Immobilization of enzymes within calcium alginate-clay beads 
The encapsulation of enzymes in alginate-clay beads was carried out by following method reported by Adzmi et 
al., [11]. 2.5 g (2.5 % w/v) of previously prepared kaolinite clay was dissolved in 100 mL of 0.1 M sodium acetate 
buffer (pH 5) solution and stirred for 1 hr at room temperature. Then, 2.5 g of alginate powder was added to the clay 
solution and stirred for 4 hr. Next, 2.5 mL of glycerol was added to the alginate-clay solution. 1 mL of each enzyme 
solution (1 mg solid/mL of alpha-amylase, glucoamylase and cellulase) was mixed with 12 mL of alginate-clay 
solution which produced the final clay concentration 2 % w/v. The mixture solution was stirred thoroughly to ensure 
complete mixing and dropped into 0.2 M CaCl2 solution by using syringe. After 3 hr of hardening, the beads were 
collected by filtration and then washed with buffer solution several times to remove any unbound enzymes. Finally, 
the beads were stored in buffer solution at 4 oC until use. The enzyme loading efficiency and immobilization yield 
was determined by the following Equation 1and 2: 
 
i i f f
i i
C V - C V
Loading efficiency (%) = 
C V
 100%u
     (1) 
 
where Ci is the initial protein concentration (mg/mL), Vi is the initial volume of enzyme solution (mL), Cf is the 
protein concentration in the total filtrate (mg/mL) and Vf is the total volume of filtrate (mL). 
 
  
imm
free
A
Immobilization yield (%) = 
A
100%§ ·u¨ ¸
© ¹                                              (2) 
 
where Aimm is specific activity of immobilized enzyme and Afree is specific activity of free enzyme. 
2.5. Characterization techniques 
The infrared spectra of the clay, alginate beads and alginate-clay beads were recorded with a FTIR 
spectrophotometer (Perkin-Elmer Spectrum One, USA) and scanned from 4000 to 450 cm-1 at ambient temperature. 
FESEM analysis was used to study the surface and cross-section image of the beads. The beads were mounted on 
stubs using double sided adhesive tape and sputter coated with gold using a sputter coater. And then, the coated 
beads were examined under FESEM (ZEISS Supra 40VP, USA). Additionally, the elemental composition of the 
beads was investigated by EDX that incorporated with FESEM. 
2.6. Estimation of protein 
The amount of protein before and after immobilization was determined by Lowry’s procedure modified by 
Hartree [15] using bovine serum albumin (BSA) as a standard.  
2.7. Estimation of enzyme activities 
The activity of enzymes was measured by using spectrophotometer at 540 nm with 3,5-dinitrosalicylic acid 
(DNS) as an indicator [16]. Theoretically one unit of alpha-amylase activity is defined as the quantity of enzyme 
that releases 1 mg of reducing sugar as maltose per minute at pH 6.6 and 30 oC. One unit of glucoamylase is 
expressed as the amount of enzyme releasing 10 mg of reducing sugar (glucose) per minute at pH 4.5 and 40 oC. 
One unit of cellulase activity is liberated as the amount of enzyme that produces 1 ȝmole of reducing sugar 
(glucose) at pH 5 and 37 oC in 1 min. 
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2.8. Reusability of encapsulated enzymes 
To evaluate the reusability of the immobilized enzymes, the alginate and alginate-clay beads were used several 
times for the hydrolysis reaction. After 1 hr of hydrolysis, the beads were separated and washed with 0.1 M sodium 
acetate buffer (pH 5). Next, the fresh tapioca slurry solution was added to start the next round. The activity of each 
round was compared with the first run which was defined as 100 %. 
3. Results and discussion 
3.1. Characterization 
The average diameter of alginate and alginate-clay beads after encapsulation was 2.6 mm. These beads were 
characterized by FTIR, FESEM and EDX analysis. The FTIR spectra of clay, alginate beads and alginate-clay beads 
are shown in Fig. 1. The clay spectrum showed the characteristic peaks at 3836 cm-1 (Si-O-H stretching), 3234 cm-1 
(OH- stretching), 1030 and 1007 cm-1 (Si-O-Si stretching), 912 cm-1 (Al-O-H stretching) and 750 cm-1 (Si-O 
stretching). While in the FTIR spectrum of alginate beads, the peak appearing at 1615 and 1417 cm-1 could be 
assigned to COO- asymmetric and symmetric stretching, 3270 cm-1 (OH- stretching) and 1084 and 1027 cm-1 (C-O-
C stretching). When the clay was added to alginate, it can be observed that the asymmetric and symmetric of COO- 
was shifted to 1621 and 1419 cm-1. This is due to the negative charge of the carboxyl group in the alginate have 
electrostatic interaction with the positive charge of the clay [11, 17]. Moreover, the silanol group (Si-O-H 
stretching) of clay was disappeared in the alginate-clay beads and OH- stretching was shifted to a higher 
wavenumber. With these results, the intermolecular hydrogen bonding and electrostatic forces between alginate and 
clay was existence and the alginate-clay beads could be used in the encapsulation process.   
The surface and cross-section image of alginate and alginate-clay beads was investigated using FESEM (Fig. 2). 
It was found that alginate-clay beads have a different structure compared to alginate beads where the bead has a very 
rough surface. The rough surface of the beads does not mean the leakage of enzymes was occurring but it showed 
that the presence of physical barrier like clay in the alginate beads may prevent the leakage and keep the enzyme 
activity and it was supported by Gülay and ùanlÕ-Mohamed [18]. For cross-sectional images (Fig. 2b and d), the 
enzymes have been successfully encapsulated and the enzymes was very clearly seen in the beads. As reported in 
the previous study [12], SiO2 and Al2O3 are the major component of the kaolinite clay. Therefore, the elemental 
composition in the alginate-clay beads was studied using EDX analysis to confirm the existence of clay elements 
(Fig. 3). The results revealed that the alginate-clay beads composed of 13.97 % C, 43.69 % O, 28.96 % Ca, 6.46 % 
Al and 6.91 % Si which is demonstrated that these beads contains SiO2 and Al2O3 that derived from clay material. 
 
 
 
 
 
 
Fig. 1. FTIR spectra of (a) clay, (b) alginate beads and (c) alginate-clay beads 
%T 
  4000        3600       3200       2800        2400       2000        1800        1600       1400       1200        1000        800         600 
cm-1
415 Siti Noraida Abd Rahim et al. /  Procedia Engineering  68 ( 2013 )  411 – 417 
(a)   (b)    
(c)   (d)    
 
Fig. 2. FESEM micrographs (1000x magnification) (a) surface image of alginate beads. (c) surface image of alginate-clay beads. 
 (b) cross-section image of alginate beads. (d) cross-section image of alginate-clay beads. 
 

 
Fig. 3. EDX spectrum of alginate-clay beads 
3.2. Immobilization process 
Sodium alginate and CaCl2 concentration are the critical parameters for enzyme encapsulation in gel beads due to 
gelation formation by cross-linking between alginate and Ca2+ ions. The various sodium alginate concentrations 
were examined in order to obtain a maximum immobilization yield. In several studies, the maximum yield was 
reported at 2 % (w/v) sodium alginate [18-20]. Therefore, encapsulation enzyme within 2 % alginate concentration 
was selected and the loading efficiency and immobilization yield obtained was 95.57 % and 64.02 %, respectively. 
However, the alginate beads showed poor mechanical stability with high leakage of enzyme through the polymeric 
membrane layer. This phenomenon was attributed to the porous structure of alginate [9, 10, 18]. In order to solve 
this problem, Sg Sayong clay was mixed with sodium alginate to improve the stability of the encapsulated enzymes. 
As can be seen in Table 1, the addition of clay into the alginate beads has improved the enzyme loading efficiency 
whereas the best yield of immobilization was obtained at 2 % (w/v) clay solution. The increase in loading efficiency 
of enzymes with high clay concentration may be due to the stronger and tightly beads formation. When the 
concentration of clay solution was increased, the percent immobilization yield of enzymes reduced. It could be 
explained due to diffusion limitation of substrate and the encapsulated enzymes [21]. 
CaSi Al NaCa 
C 
O 
0           0.5             1           1.5             2            2.5           3            3.5            4           4.5       KeV 
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In the second step, the effect of CaCl2 solution on loading efficiency and immobilization yield was studied from 
0.1 to 0.5 M at 2 % clay concentration. The highest enzyme loading efficiency and immobilization yield was 
determined to be 97.07 % and 52.14 %, respectively at 0.2 M CaCl2 solution. The immobilization yield was small at 
below 0.2 M CaCl2 concentration due to unstable cross-linked gel formation and dispersion of beads in short times 
[18]. When the concentration of CaCl2 increased beyond 0.2 M, the immobilization yield of enzymes was decreased. 
The relative enzyme activity has decreased due to the pH of CaCl2 solution changes with its concentration [7, 19]. 
 
Table 1. Effect of clay and CaCl2 concentration on the encapsulation enzymes 
 
 Loading efficiency (%) Immobilization yield (%) 
Clay concentration (%) (0.2 M CaCl2 ) 
2 97.07 52.14 
4 97.21 39.52 
6 97.48 35.97 
8 97.68 31.84 
10 98.16 25.16 
CaCl2 concentration (M) (2 % clay) 
0.1 94.48 41.84 
0.2 97.07 52.14 
0.3 96.46 31.50 
0.4 96.73 19.65 
0.5 96.93 14.05 
3.3. Reusability  
The operational stability of encapsulated enzymes in pure alginate and alginate-clay beads was observed by reuse 
these beads for the possible number of cycles (Fig. 4).  After seven cycles, more than 51.77 % of the enzyme 
activity in alginate-clay beads was retained that indicating a good operational stability of the immobilized enzyme. 
Meanwhile, the encapsulated enzymes in alginate beads retained only 20.37 %. Similar results were observed with 
other immobilized enzymes that reported the soft surface of alginate beads may be the reason for the high leakage of 
enzymes from the beads [18]. Thus, the results proved that the alginate-clay beads will enhance the operational 
stability by reducing the loss of enzyme activity. 
 
 
 
Fig. 4. Reusability of encapsulated enzymes in both alginate and alginate-clay beads 
4. Conclusions 
In this work, the characterization of calcium alginate-clay beads encapsulated with alpha-amylase, glucoamylase 
and cellulase and its performance on the saccharafication of cassava slurry was successfully studied. The beads were 
prepared by combining sodium alginate and Sg. Sayong kaolinite clay solution and then cross-linked with CaCl2 
solution. The best enzymes loading efficiency and immobilization yield were found at 2 % (w/v) of clay and 0.2 M 
CaCl2 solutions. The alginate-clay beads were characterized using FTIR, FESEM and EDX. FTIR analysis showed 
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that the functional group of alginate and clay has a strong interaction with each other. Cross-section image from 
FESEM analysis, showed the enzymes was successfully encapsulated in the beads. Besides that, EDX analysis 
incorporated with FESEM analysis proved that the clay elements were detected within the beads. Reusability of 
encapsulated enzymes in the alginate-clay beads have also been evaluated and compared with pure alginate beads. 
The alginate-clay beads were able to maintain 51.77% of the residual enzymes activity after seven hydrolysis cycles. 
This high operational stability indicates that the encapsulated enzymes within alginate-clay beads is a promising 
technology for the future enzymatic reaction application for converting cassava slurry into glucose in a sustainable, 
cheaper and productive manner.  
Acknowledgements 
The authors are grateful for the financial support provided by Universiti Teknologi MARA (UiTM) Excellent 
Funds (600-RMI/ST/DANA 5/3/Dst 495/2011 & 475/2011) and Ministry of Higher Education, Fundamental 
Research Grant Scheme (600-RMI/ST/FRGS 5/3 Fst 2/4/2010). 
References 
[1] García, N. L., Famá, L., Dufresne, A., Aranguren, M. and Goyanes, S., 2009. A comparison between the physico-chemical properties of 
tuber and cereal starches, Food Research International 42, pp. 976-982. 
[2] Roy, I. and Gupta, M. N., 2004. Hydrolysis of starch by a mixture of glucoamylase and pullulanase entrapped individually in calcium 
alginate beads, Enzyme and Microbial Technology 34, pp. 26-32. 
[3] van der Maarel, M. J. E. C., van der Veen, B., Uitdehaag, J. C. M.,  Leemhuis, H.  and Dijkhuizen, L., 2002. Properties and applications of 
starch-converting enzymes of the Į-amylase family, Journal of Biotechnology 94, pp. 137-155. 
[4] Sukumaran, R. K., Singhania, R. R. and Pandey, A., 2005. Microbial cellulases - Production, applications and challenges, Journal of 
Scientific & Industrial Research 64,  pp. 832-844. 
[5] Kearsley, M. W. and Dziedzic, S. Z., 1995. Starch Hydrolysis Products and Their Derivatives,  Blackie Academic & Professional, Springer, 
U. K., pp 9-10. 
[6] Won, K., Kim, S., Kim, K.-J.,  Park, H. W. and Moon, S.-J., 2005. Optimization of lipase entrapment in Ca-alginate gel beads, Process 
Biochemistry 40, pp. 2149-2154. 
[7] Talekar, S. and Chavare, S., 2012. Optimization of immobilization of Į-amylase in alginate gel and its comparative biochemical studies with 
free Į-amylase, Recent Research in Science and Technology 4, pp. 01-05. 
[8] Cao, L. and Schmid, R. D., 2006. Carrier-bound Immobilized Enzymes: Principles, Application and Design: Wiley, Germany, pp. 398.  
[9] Konsoula, Z. and Liakopoulou-Kyriakides, M., 2006. Starch hydrolysis by the action of an entrapped in alginate capsules Į-amylase from 
Bacillus subtilis, Process Biochemistry 41, pp. 343-349.  
[10] DeGroot, A. R. and Neufeld, R. J., 2001. Encapsulation of urease in alginate beads and protection from Į-chymotrypsin with chitosan 
membranes, Enzyme and Microbial Technology 29, pp. 321-327. 
[11] Adzmi, F., Meon, S., Musa, M. H. and Yusuf, N. A., 2012. Preparation, characterisation and viability of encapsulated Trichoderma 
harzianum UPM40 in alginate-montmorillonite clay, Journal of Microencapsulation 29, pp. 205-210. 
[12] Edama, N. A.,  Sulaiman, A.,  Ku Hamid, K. H., Muhd Rodhi, M. N.,  Musa, M.  and Abd Rahim, S. N., 2013. Preparation and 
Characterization of Sg. Sayong Clay Material for Biocatalyst Immobilization, Materials Science Forum 737, pp. 145-152. 
[13] Ajayi, O. A., Nok, A. J. and Adefila, S. S., 2012. Immobilization of Cassava Linamarase on Kankara Kaolinite Clay, Journal of Natural 
Sciences Research 2, pp. 55-62. 
[14] Abdul Rahman, M. B., Tajudin, S. M.,  Hussein, M. Z.,  Abdul Rahman, R. N. Z. R., Salleh, A. B. and Basri, M., 2005. Application of 
natural kaolin as support for the immobilization of lipase from Candida rugosa as biocatalsyt for effective esterification, Applied Clay 
Science 29, pp. 111-116. 
[15] Hartree, E. F., 1972. Determination of protein: A modification of the lowry method that gives a linear photometric response, Analytical 
Biochemistry 48, pp. 422-427. 
[16] Bernfeld, P., 1955. Amylases alpha and beta. Methods in Enzymology, pp. 149-158. 
[17] Pongjanyakul, T. and Puttipipatkhachorn, S., 2007. Sodium alginate-magnesium aluminum silicate composite gels: characterization of flow 
behavior, microviscosity, and drug diffusivity, AAPS PharmSciTech 8, pp. E1-E8. 
[18]Gülay, S. and ùanlÕ-Mohamed, G., 2012. Immobilization of thermoalkalophilic recombinant esterase enzyme by entrapment in silicate coated 
Ca-alginate beads and its hydrolytic properties, International Journal of Biological Macromolecules 50, pp. 545-551. 
[19] Anwar, A., Ali, S., Qader, U., Raiz, A., Iqbal, S. and Azhar, A., 2009. Calcium Alginate: A Support Material for Immobilization of Proteases 
from Newly Isolated Strain of Bacillus subtilis KIBGE-HAS, World Applied Sciences Journal 7, pp. 1281-1286. 
[20]Quiroga, E., Illanes, C. O., Ochoa, N. A., and Barberis, S., 2011. Performance improvement of araujian, a cystein phytoprotease, by 
immobilization   within calcium alginate beads, Process Biochemistry 46, pp. 1029-1034. 
[21]Kumar, S., Dwevedi, A. and Kayastha, A. M., 2009. Immobilization of soybean (Glycine max) urease on alginate and chitosan beads 
showing improved stability: Analytical applications, Journal of Molecular B: Catalysis Enzymtic 55, pp. 138-145. 
